Background {#Sec1}
==========

Sudden cardiac death (SCD), associated with lethal cardiac arrhythmias, is a leading cause of cardiovascular-related death in Canada \[[@CR1]\], USA \[[@CR2]\], and Europe \[[@CR3], [@CR4]\]. Implantable cardio-defibrillators (ICDs) can detect and successfully terminate these arrhythmias by delivering therapy in the form of an internal shock or anti-tachycardia pacing. Evidence generated from randomized controlled trials (RCTs) demonstrates mortality benefits for patients with ischemic and non-ischemic heart disease and congestive heart failure \[[@CR5]--[@CR10]\]. Current practice guidelines \[[@CR11]\] recommend that patients who are at high risk (primary prevention) and patients who have experienced sustained ventricular arrhythmias (secondary prevention) are candidates for an ICD.

Delivery of ICD care can be complex, most often requiring access to an electrophysiologist for implantation and ongoing follow-up. For primary prevention patients in particular, the decision to receive this life-prolonging intervention may not be straightforward. Choosing to receive an ICD for primary prevention is considered an elective procedure, and thus, the option to accept or decline must be weighed alongside known benefits and risks. From the patient's perspective, an ICD is a long-term intervention that involves a commitment to attend follow-up visits at a qualified center and to potentially undergo device replacements for batteries, lead revisions, or manufacturing advisories \[[@CR12], [@CR13]\]. Moreover, device-related complications (i.e., infection, lead dislodgement, inappropriate shocks) necessitate additional invasive procedures and driving privileges can be restricted (due to receipt of shock or anti-tachycardia pacing) \[[@CR14]--[@CR16]\]. However, the ICD has the potential for life-prolonging benefits when appropriate therapy is received. Given the need to weigh benefits and risk, the preferences of ICD candidates are essential in achieving higher quality decisions and decreasing unwarranted practice variation \[[@CR17]\].

Rooted in the concept of patient-centered care, shared decision-making encourages patients to be active participants when making healthcare-related treatment decisions. To achieve quality decision-making (i.e., informed, value-based), a decision support process which presents patients with balanced evidence-based facts, associated risks and benefits, and an assessment of patient's values and preferences is imperative \[[@CR18]\]. Patient decision aids (PtDA) have been developed to facilitate quality decision-making, ensuring congruency between patient values and preferences and the health care interventions they choose. A recent Cochrane Review of PtDA demonstrated evidence that PtDA improved patients' knowledge, accurate risk perception, and reduced decisional conflict \[[@CR19]\]; all of which contribute to what is considered a quality decision.

Our previous research with ICD candidates suggested that very few patients engaged actively in their ICD decision-making process, expressing uncertainty regarding ICD options \[[@CR20], [@CR21]\]. Given the complexities associated with the ICD as an intervention and identified patient needs, we endeavored to support decision-making by developing an ICD-specific PtDA for patients offered their first device. The primary objective of this study was to (1) test the feasibility of conducting a RCT in ICD candidates considering the device. The secondary objectives were to (2) evaluate the preliminary effects of the ICD-specific PtDA and (3) determine if differences in preliminary effects (decision quality) are present post-ICD implantation.

Methods {#Sec2}
=======

Pilot trial design {#Sec3}
------------------

We undertook a two-arm parallel-group pilot RCT of a newly developed PtDA \[[@CR22]\]. Our detailed methods and protocol have been reported previously \[[@CR23]\]. Guided by the International Patient Decision Aid Standard (IPDAS) in terms of content, development process, and effectiveness \[[@CR24], [@CR25]\] and the Ottawa Decision Support Framework \[[@CR26]\], we developed an ICD-specific PtDA. Following informed consent procedures and study introduction, patients were randomized to receive PtDA intervention or usual care using a 1:1 allocation ratio. Randomization took place prior to electrophysiology specialist consultations using a centralized Internet randomization service (<https://www.randomize.net>); permuted blocks of 4 and 6 were used to balance treatment arms. The use of <https://www.randomize.net> ensured that the allocation sequence was concealed from the research assistant. Due to the nature of the intervention, patients and the research assistant collecting data were not blinded to study group assignment. The data analyst was blinded to group assignment.

Setting and participants {#Sec4}
------------------------

The study took place at a large tertiary care center in Hamilton, Ontario, Canada. The center, Hamilton Health Sciences (HHS), serves approximately 2.3 million residents and is a regional referral center for specialized arrhythmia and cardiovascular services.

Eligible patients included those referred for a primary prevention ICD. At the study site, the majority of patients are referred to the arrhythmia service by cardiologists and heart failure specialists in the region. All referrals are triaged by a registered nurse (based on guidelines) and procedure wait times tracked by the Cardiac Care Network, a provincial support system serving Ontario. Following referral, consultations are booked with an electrophysiologist and the patient. Exclusion criteria were (1) an inability to understand the PtDA because of a language barrier or visual impairment and (2) referral for cardiac resynchronization devices (CRT). At the time of study conception, specialist consultation wait times were 4--6 weeks following initial referral. With added efficiencies to manage patient wait times, our center's wait times for specialist consult were reduced to 2--3 weeks. To adapt to this change in process, we amended our study to accommodate the shorter wait times---eliminating mail invitations for the study and inviting patients to meet with the nurse research assistant (RA) at HHS prior to specialist consultation (at least 60 min). The study was introduced to patients by members of the healthcare team (i.e., triage nurse or physician) when the referral was initiated and consultations arranged. Patients randomized to the intervention group (PtDA) received the PtDA to review and complete *prior* to their specialist consultation directly with a trained health professional research assistant. The RA assured that participants received the PtDA in advance, were provided with adequate time to review the PtDA in full, and answer questions about the PtDA process. Patients were encouraged to record and communicate specific ICD questions to bring to their specialist consult which followed.

PtDA intervention {#Sec5}
-----------------

To summarize briefly, the PtDA was devised and tested in three steps. Step 1 was the development of the PtDA, using an inter-disciplinary panel (including patients) where the PtDA content was assessed, drafted, and revised. The PtDA has five structured steps to guide patients through options as follows: (1) Be clear about the decision (i.e., makes explicit decision); (2) think about the benefits and risks (options including probabilities of benefits and risks); (3) what matters most to patients (values clarification); (4) what role is preferred by patients in decision-making; and (5) what else do you need? (knowledge questions). The knowledge and value items are included (see Additional file [1](#MOESM1){ref-type="media"}).

To calculate risk and benefit probability estimates for inclusion in the PtDA, evidence from RCTs that compared ICDs to conventional therapy in patients receiving ICD prophylaxis without cardiac resynchronization (CRT) was pooled. Patient outcomes were extracted for (1) all-cause mortality, (2) cardiac mortality, (3) shocks (appropriate/ inappropriate), (4) infection, and (5) complications, where reported. We employed an analytic modeling technique, as follows: Probabilities and associated 95% confidence intervals were calculated from individual studies using the exact binomial method. Overall probabilities were calculated by pooling the probabilities from available RCTs using random-effects meta-analysis based on the inverse variance weighted approach \[[@CR27]\]. Selected benefit and risk probabilities \[[@CR28]\] were then incorporated into the PtDA using text and pictograms. The inter-disciplinary development panel collaborated to provide input on the knowledge, values, background content, and format (e.g., font size, readability, style) of the PtDA. We employed a two-round Delphi process with the panel, health professionals with ICD expertise, and patients (with ICDs) to reach consensus on final PtDA content \[[@CR28]\]. Step 2 included preliminary acceptability testing in patients and families with experiential knowledge of ICDs \[[@CR29]\]. Feedback was incorporated into the PtDA. The final result was an 11-page interactive PtDA booklet that presents ICD candidates and their families with explicit evidence-based information and probabilities about the benefits and risks associated with an ICD using lay terminology.

Usual care {#Sec6}
----------

Patients randomized to usual care did not receive additional information from the study team prior to specialist consult. Point of delivery of general education material to patients varies across arrhythmia centers but is generally delivered *after* consultation once the decision to accept the ICD is established. Manufacturer-specific booklets are also provided after implantation but prior to discharge. Preoperative ICD specific material is disseminated after patients are consented for the procedure.

Outcomes {#Sec7}
--------

The primary outcome for this trial was feasibility of conducting the RCT measured using (1) rate of recruitment, (2) successful delivery and completion of the PtDA (including randomization technique), and (3) completion of measures. The secondary outcomes were to evaluate the preliminary estimates of differences in outcomes between as measured by knowledge scores, decisional conflict scores, and the SURE (Sure of myself, Understand information, Risk-benefit ratio, Encouragement) test for screening for decisional conflict. Both PtDA intervention and usual care groups completed study measures including the Decisional Conflict Scale (pre- and post-specialist consultation), knowledge questions (pre-consultation), and the Preparation for Decision-Making Scale \[[@CR30], [@CR31]\] preparedness questionnaire (PtDA intervention, pre-consultation only).

Baseline measurements and patient demographics {#Sec8}
----------------------------------------------

When capturing basic demographic characteristics of our patient population (age, sex, education, employment status, and ethnicity), we also measured baseline psychosocial status, including health-related quality of life (HRQOL) and depressive symptoms. We employed the Medical Outcomes Trust Short Form (SF-36v2), a generic scale widely used in healthcare to measure HRQOL. The SF-36v2 has two component summary measures, physical component summary (PCS) and mental component summary (MCS), which shed light on the groups' physical and mental health status, respectively. The SF-36V2 uses a norm-based scoring method, wherein raw scale values from 0 to 100 are transformed. The transformation results in a mean score of 50 and SD of 10. Normal PCS and MCS scores range from 45 to 55 \[[@CR32], [@CR33]\]. To capture depressive symptoms, we used the 20-item Center for Epidemiological Studies Depression Scale (CES-D). Patients received a summed score between 0 and 60, where a score greater than 16 is indicative of mild to moderate depressive symptomatology \[[@CR34], [@CR35]\]. Both instruments have demonstrated validity and reliability across different clinical settings \[[@CR36]--[@CR39]\].

Outcome evaluation measures {#Sec9}
---------------------------

### Knowledge and values {#Sec10}

In order to evaluate decision quality of patient participants, we employed two measures of decision quality. Patients' ICD-related knowledge was assessed using five knowledge-based questions developed by the inter-disciplinary panel (see Additional file [1](#MOESM1){ref-type="media"}). For example, a true, false, or unsure item was "In the future, I can choose to ask my doctor to turn off (deactivate) ICD therapy." In addition, six value items were developed and measured in the intervention group (due to ethics concerns). Examples of items included "How important is it to you to lower your chances of sudden cardiac death?" and "How important is it to you to avoid complications from an ICD?" (see Additional file [1](#MOESM1){ref-type="media"}). Value and knowledge items were informed by the Delphi, inter-disciplinary panel, and previous research \[[@CR20], [@CR28], [@CR29]\]. The six value items were scored from 1 to 5: 1 = Not important to 5 = Very important.

Decisional Conflict Scale {#Sec11}
-------------------------

To measure the patients' perception of their difficulty in making decisions, level of uncertainty, personal values, and perceived support in making their decision, we used the Decisional Conflict Scale (DCS). The DCS is a validated tool made up of 16 items, which provide an overall DCS score and five subscale scores (Informed, Values Clarity, Support, Uncertainty and Effective Decision). Higher DCS scores are indicative of decisional conflict which can lead to delayed decision-making, vacillation between treatment choices, and decisional regret including signs of distress \[[@CR40]\]. DCS scores range from 0 to 100; scores \> 37.5 are associated with decisional delay and feelings of uncertainty \[[@CR40]\]. The DCS has established reliability and validity \[[@CR19], [@CR41], [@CR42]\].

The Sure of myself, Understand information, Risk benefit ratio, Encouragement Test (SURE Test) {#Sec12}
----------------------------------------------------------------------------------------------

The SURE test is a 4-item screening test developed to quickly assess decisional conflict (certainty, knowledge, values, support) in the consult setting \[[@CR43]\]. The SURE test has been validated in adult patients \[[@CR44]\] but not ICD patients specifically. Following completion of the DCS questionnaire, we asked patients to also complete the SURE test. Each item on the SURE test has two response categories "yes" or "no." If patients answer "no" to any of the four SURE items, it suggests the presence of decisional conflict. Healthcare professionals are able to identify patients' specific area of conflict based on items selected as "no" during consultation and undertake further discussions. The standardized Cronbach's alpha in our sample was 0.75. This is an acceptable measure of internal consistency suggesting that the items are reasonably related as a group.

Measures post-consultation---Preparation for Decision-Making Scale {#Sec13}
------------------------------------------------------------------

In the PtDA group, patients' perception of usefulness of the PtDA in preparation for consultation with a specialist was assessed using the Preparation for Decision-Making Scale (PDMS) at the 2-week follow-up. The PDMS contains 10 items. Total scores range from 0 to 100, where higher scores are indicative of a higher level of perceived preparation for making a treatment decision. The PDMS has demonstrated good reliability \[[@CR31]\].

Three-month ICD implantation status {#Sec14}
-----------------------------------

In addition, patient's ICD 3-month ICD implantation status (ICD implanted, declined, or deferred) was obtained from the medical record.

### Sample size {#Sec15}

The study's primary outcome was to assess the feasibility of successfully conducting a larger trial. The sample size for this study was determined based on feasibility considerations \[[@CR45], [@CR46]\]. Our recruitment target was set at 80 patients: 40 patients per arm, large enough to provide useful estimates of data \[[@CR47]\], and feasibility, based on rate of standard ICD referrals from the previous year (approximately 300) and number of patients that would have fit our eligibility criteria in the past. Furthermore, our sample from Hamilton Health Sciences was representative of the target study population (elective primary prevention ICD candidates).

### Data analysis {#Sec16}

To maximize data quality, standardized data collection forms were developed. Data were entered electronically following facsimile transmission using Teleform (Cardiff Teleform). Study feasibility data, including referral rates and recruitment rates, were determined using descriptive statistics. Continuous variables were summarized using descriptive statistics and measures of central tendency (means, standard deviations). Categorical variables were summarized using percentages (counts). Exploration of preliminary estimates of differences in outcomes between groups, including decisional conflict, was conducted using mean difference and differences between group means (pre-post consult). Knowledge scores were evaluated by comparing the mean number of correct responses between groups and by comparing the proportion of patients with greater than three correct responses. As this is a pilot trial, these preliminary estimates of differences in outcomes and associated confidence intervals will be useful in the design of a definitive trial in informing sample size calculation.

To determine if the predicted status of an ICD (based on the set of 6 value items) is associated with ICD implantation status at 3 months post-consultation, concordance was assessed using logistic regression (restricted to the intervention group). The actual ICD status is determined at 3 months post-consultation and could be either (1) ICD implanted, (2) ICD declined, or deferred. The six value items were scored from 1 to 5: 1 = Not important to 5 = Very important. Value items 5 and 6 where then reverse-scored. These six value items were then re-scored for the purposes of the concordance analysis such that a value item was deemed important if the value score was 4 or 5 and not important if the score was 1, 2, or 3.

The predicted status of an ICD was computed using the results of a logistic regression analysis where the actual ICD implantation status was the outcome and the six re-scored value items the predictors. The model yields a predicted probability of receiving and ICD for each patient. If patient's predicted probability is less than or equal to 0.5, that patient's predicted ICD status would be "No ICD." Likewise, a predicted probability of greater than 0.5 would result in a predicted ICD status of "ICD implanted."

The SURE test scores were evaluated using differences in percentages (PtDA--usual care). The results are reported as preliminary estimates of differences in outcomes and corresponding 95% confidence intervals (CI). All analyses were conducted using SAS 9.3 (Cary, NC, USA).

Results {#Sec17}
=======

Characteristics of the sample {#Sec18}
-----------------------------

The majority of patients were male (73.2%), aged 67 years, Caucasian (94%), living with someone (82.0%), and retired (60.0%) (Table [1](#Tab1){ref-type="table"}). Most had hypertension (67.0%) and underlying ischemic heart disease (58.4%). Almost half had a history of myocardial infarction (47.6%), and 34.2% reported a history of congestive heart failure. Overall, the characteristics of the sample were balanced between groups with the exception of diabetes which was higher in the intervention group. HRQL and CES-D data revealed patients in both groups reported similar scores for depressive symptoms, lower SF-36 physical component summary scores, and population norm mental component summary scores \[[@CR32], [@CR33]\]. In terms of medical management, the sample (usual care vs. PtDA intervention) at the time of enrolment was balanced.Table 1Baseline patient characteristics and history (*N* = 82)CharacteristicUsual care\
*n* = 41PtDA intervention\
*n* = 41Age: mean (SD)67.2 (12.6)66.3 (9.4)Male30 (73.2)30 (73.2)Living with someone29 (70.3)38 (92.7)Education High school20 (52.6)21 (55.3) College/trade13 (34.2)14 (36.8) University/graduate school5 (13.1)3 (7.9)Current employment status Full-time/part-time4 (9.8)9 (22) Retired27 (65.9)22 (53.7) Disability10 (24.4)10 (24.4)Ethnicity Caucasian36 (87.8)41 (100) Other4 (9.8)0 (0.0)CES-D: mean (SD)16.6 (4.5)14.5 (6.2)SF36-v2: mean (SD) MCS48.5 (12.6)51.4 (13.2) PCS37.1 (7.7)36.7 (9.3)Cardiovascular history Previous MI18 (43.9)21 (51.2) Previous CABG8 (19.5)7 (17.1) Previous stroke or TIA6 (14.6)4 (9.8) Hypertension13 (31.7)15 (36.6) Ischemic CAD26 (63.4)26 (63.4) Non-ischemic12 (29.3)5 (12.2) CHF history22 (53.7)29 (70.7) Atrial fibrillation16 (39.0)7 (17.1)Ejection fraction mean (SD) comorbidities26.1 (4.4)27.8 (6.0) Diabetes12 (29.3)24 (58.9) COPD7 (17.1)6 (14.6) Recorded NYHA (at referral)  Class I4 (9.8)4 (9.8)  Class II16 (39.0)16 (39.0)  Class III11 (26.8)8 (19.5)  Undocumented10 (24.4)13 (31.7) Medication  ACE inhibitor28 (68.3)26 (63.4)  β-blocker35 (85.4)32 (78.1)  Ca^2+^ channel blocker5 (12.2)6 (14.6)  Diuretic28 (68.3)24 (58.5)  Insulin/diabetic medication11 (26.8)22 (53.7)  Lipid lowering agent28 (68.3)25 (61.0)  Anti-depressant6 (14.6)2 (4.9)CES-D score greater than 16 indicates mild to moderate depressive symptoms. Normal MCS and PCS scores fall from 45 to 55. Values are expressed as *n* (%) unless otherwise indicated*CES-D* Center for Epidemiological Studies Depression Scale, *MCS* Mental Component Scale, *PCS* Physical Component Scale, *SD* standard deviation, *MI* myocardial infarction, *CABG* coronary artery bypass graft, *TIA* transient ischemic attack, *CAD* coronary artery disease, *CHF* congestive heart failure, *COPD* chronic obstructive pulmonary disease, *NYHA* New York Heart Association, *ACE* angiotensin-converting enzyme

Figure [1](#Fig1){ref-type="fig"} provides the CONSORT \[[@CR48]\] diagram for the study. The CONSORT extension for pilot and feasibility trials is included (see Additional file [2](#MOESM2){ref-type="media"}). As stated in our methods, the original study protocol \[[@CR23]\] aimed to invite patients by mail. Our reduced wait times limited the ability of patients to return invitations and PtDAs by mail prior to specialist consult, and thus, the study protocol was amended prior to commencing to allow us to invite candidates when they attended the outpatient clinic for consultation following study introduction.Fig. 1Consort flow diagram. Outlining patient recruitment, enrollment, allocation, and analyses

Feasibility outcomes {#Sec19}
--------------------

Over a 14-month period (2013--2014), 297 patients were screened for eligibility (average referral rate = 20 patients/month). A total of 162 patients were deemed ineligible; the primary reason for ineligibility was an indication for cardiac resynchronization therapy (CRT) device (53.9%). Of the 135 remaining patients, a recruitment rate of 61% was achieved. The remaining 35% of eligible patients were not able to be approached by our RA primarily for logistical reasons including patient's clinic time or schedule changes and availability of research staff to attend clinic. Eighty-two patients consented to participate and were successfully randomized to usual care (*n* = 41) or PtDA intervention (*n* = 41). All patients who attended the clinic and received the PtDA were able to complete the PtDA with the RA. The percentage of missing data was low (\< 5%) and mainly restricted to the post-implantation follow-up surveys (where DCS follow-up and PDMS were not returned by mail and patients did not respond to requests). Feasibility outcomes and a priori criteria for success are summarized in Table [2](#Tab2){ref-type="table"}.Table 2Feasibility results for the PtDA trialMeasureObservedTarget: a priori criteria for successDescriptionReferral rate\
Primary prevention ICD\
(14 months)21 per monthConsistent with referral patterns previously for these candidatesPatients referred for all devices, then triaged based on guidelinesSample size (*N*)8280Accomplished targetRecruitment rate61%80%Barriers to access and resources influenced rate of recruitmentDelivery of PtDA to intervention group100%80%All patients randomized to PtDA intervention received itCompletion of PtDA to intervention group100%80%All patients met with nurse research assistant to complete PtDA stepsCompletion of quality measures\< 10% items missing80%Items from HRQL measures and post-implant

Secondary outcomes {#Sec20}
------------------

### Knowledge and values {#Sec21}

The PtDA intervention group participants were more knowledgeable after exposure to the PtDA pre-specialist consultation. The number (%) of participants in the PtDA group scoring greater than 3/5 of the knowledge questions correct 19 (47.5) compared to 9 (23.1) of patients receiving usual care. The mean (SD) number of correct responses for the intervention and usual care groups was 3.33 out of 5 (1.19) and 2.62 (1.16), respectively.

Values in the PtDA intervention group measured after exposure to the PtDA and pre-consultation revealed that the majority of patients (\> 65%) scored items as "high importance" (5/5) across 5 of the 6 items with the exception of "How important is it for you to avoid shocks from an ICD?" at 58% (see Additional file [1](#MOESM1){ref-type="media"}). The results for concordance between patient's values and decision choice confirm that there is a strong association between predicted and actual ICD status (*p* = 0.017) when all six values are used a predictors in the model. Patients who received an ICD were more consistent with their values (20/22 or 90.9%) than patients who did not receive an ICD (7/15 or 46.7%). The percentage of all patients in the intervention group for whom the predicted and actual ICD status was the same is 27/37 or 73%.

Decisional conflict {#Sec22}
-------------------

Patients receiving the PtDA intervention had lower decisional conflict scores after exposure to the PtDA pre-specialist consult, with a total mean score (SD) of 27.3 (18.4) compared to usual care 49.4 (18.6) (Table [3](#Tab3){ref-type="table"}). The mean decisional conflict total score remained lower in the PtDA intervention group 21.2 (11.7) compared to the usual care group 29.9 (13.3) post-implantation (Table [3](#Tab3){ref-type="table"}). The post-implantation difference between usual care and PtDA intervention group DCS means \[95%CI\] was − 8.7 \[− 14.61, − 2.86\]. All five baseline DCS subscale mean scores (informed, values clarity, support, uncertainty, and effect decision) were lower in the PtDA intervention group and remained lower in the intervention group post-ICD implantation.Table 3Decisional conflict scores post-PtDA prior to specialist consultation and post-implantationCharacteristicUsual care\
*N* = 41\
Mean (SD)PTDA intervention\
*N* = 41\
Mean (SD)Difference in group means\
PTDA---UC \[95% CI\]DCS total score prior to consultation49.4 (18.6)27.3 (18.4)− 22.1 \[− 30.23, − 13.97\] DCS subscale  Informed59.8 (22.0)29.1 (21.5)  Values clarity56.9 (23.0)25.8 (17.5)  Support37.2 (18.3)23.6 (18.0)  Uncertainty54.9 (25.6)31.1 (24.6)  Effect decision41.2 (20.4)27.1 (20.2)CharacteristicUsual care\
*n* = 38\
Mean (SD)PtDA intervention\
*n* = 35\
Mean (SD)Difference in group means\
PtDA---UC \[95% CI\]DCS total score post-implantation29.9 (13.3)21.2 (11.7)− 8.7 \[− 14.61, − 2.86\] DCS subscale  Informed28.5 (12.7)21. 2 (13.5)  Values clarity31.4 (17.9)22.6 (14.4)  Support26.1 (12.7)17.9 (13.3)  Uncertainty34.4 (17.5)25.2 (17.8)  Effect decision29.3 (15.2)19.5 (12.5)

The SURE test {#Sec23}
-------------

A higher percentage of patients in the PtDA intervention group answered "yes" to the knowledge, values, and certainty items (Table [4](#Tab4){ref-type="table"}). A higher percentage *n* (%) of participants in the intervention group responded "yes" to the support item 34 (82.9) vs. usual care 28 (68.3). Table [4](#Tab4){ref-type="table"} shows the percentages  for each  group using the SURE test. These findings corroborate the full instrument DCS scores using the 16-item scale. The PtDA intervention group reported lower decisional conflict on both measures. For the four SURE items, standardized Cronbach's alpha was 0.75. This is an acceptable measure of internal consistency suggesting that the items are reasonably related as a group. Overall, 19 patients answered "yes" to all four items on the SURE test, 16 of these were in the PtDA group.Table 4Group percentages using the SURE testCharacteristicUsual care\
*n* = 41\
*n* (%)PtDA intervention\
*n* = 41\
*n* (%)Certainty Do you feel sure about the best choice for you?10 (24.4)21 (51.2)Knowledge Do you know the benefits and risks of each option?4 (9.8)26 (63.4)Values Are you clear about which benefits and risks matter most to you?9 (22.0)32 (78.1)Support Do you have enough support and advice to make a choice?28 (68.3)34 (82.9)

Preparation for decision-making {#Sec24}
-------------------------------

In the intervention group, patients' mean (SD) preparedness score was 67.3 out of 100 (23.5) when asked to recall their preparedness to make their decision at the post-ICD implantation follow-up.

Three-month ICD implantation status {#Sec25}
-----------------------------------

We assessed ICD implantation status 3 months post-consultation finding 24 out of 41patients or 58.6% \[42.8, 74.3\] who received usual care and 24/41 patients or 58.6% \[42.8, 74.3\] in the PtDA intervention group who had an ICD implanted. Five patients or 12.2% \[1.7, 22.7\] in the usual care group declined an ICD and 2 or 4.9% \[0.0, 11.8\] declined an ICD in the PtDA intervention group. More patients made the choice to defer their ICD rather than decline, with 11 or 26.8% \[12.7, 41.0\] in usual care and 14 or 34.2% \[19.0, 49.3\] in the PtDA group, respectively. Overall, no difference in 3-month ICD implantation status between usual care and PtDA intervention was found.

Discussion {#Sec26}
==========

To our knowledge, this is the first feasibility RCT to implement a PtDA in primary prevention ICD patients. Our findings suggest that a definitive large-scale RCT is feasible and that our ICD-specific PtDA demonstrated positive change in outcomes.

Feasibility {#Sec27}
-----------

The first aim of this study was to assess the feasibility of conducting an RCT. Our criteria for feasibility aimed for an 80% recruitment rate of eligible patients, an 80% delivery and completion rate of the PtDA, and an 80% completion rate of all questionnaires (DCS, PMDS, etc.). Only six of the 135 eligible patients (4.4%) declined to participate in the study. Several of the non-recruited candidates had agreed to meet with the RA for the study but then experienced schedule changes. Thus, our recruitment rate of 61% does not necessarily depict unwillingness on the part of patients but our inability to access them. For example, one logistical barrier persisted when patients entered consultation rooms before meeting with the nurse RA to consent, undergo randomization, and receive the PtDA (if randomized to the intervention group). This recurred when physicians saw patients earlier than scheduled because they had arrived early to meet the RA. Clinic settings are not always ideal but often the only option available to researchers when conducting clinical research. Interruptions that impact existing clinic/care processes may not be welcomed by staff; thus, there is a need to strike a balance that maximizes quality data collection and minimizes disruption to processes in clinic settings. Identification of logistical barriers in this pilot trial will inform a future trial and the need to involve clinic staff in the design if shared decision-making is a goal in health organizations. However, once participants were enrolled, targets for PtDA delivery and completion rates were achieved using our amended protocol. Furthermore, utilizing <https://www.randomize.net> via smartphone allowed for rapid randomization, eliminating the need to access a computer terminal. We are currently developing an electronic version of this PtDA to offer web-based access.

The 16-item DCS questionnaire required more time than expected to complete, which with the already large demand for time in the ICD clinic setting may therefore not be feasible in everyday practice. For this reason, we employed the 4-item SURE test, a concise measure to screen for decisional conflict. In our sample, results of the SURE test corroborated the DCS questionnaire results; the PtDA appeared to have increased patient knowledge, certainty, and values consistently, but not perceived support.

Preliminary estimates of differences in outcomes between groups {#Sec28}
---------------------------------------------------------------

The second aim was to estimate the preliminary estimates of differences in outcomes between groups using an ICD-specific PtDA. Administration of our PtDA found 24.4% of the PtDA group scored greater than 3/5 of the knowledge questions correct and reported lower decisional conflict where the mean group difference was − 22.1\[− 30.23, − 13.97; PtDA--UC\]. These findings are corroborated by published PtDA research across other patient populations including ischemic heart disease \[[@CR49]\], atrial fibrillation \[[@CR50], [@CR51]\], and candidates for elective open-heart surgery \[[@CR52]\]. A recent meta-analysis of 115 PtDA trials, 42 of which recorded knowledge scores in varying disease populations, found mean knowledge scores were 13.3% higher, on average, in the PtDA intervention groups compared to controls \[[@CR19]\]. Patients require knowledge to make educated and informed decisions regarding their health \[[@CR53]\]. Today, many patients turn to the Internet for health information and the volume of information can be overwhelming and of variable quality. Patients arrive for specialist consultations with knowledge gleaned from a variety of sources---including other ICD patients \[[@CR54]\]. Furthermore, many do not have the requisite skills to appraise quality of information sources from a consumer perspective. PtDA's provide patients with valuable, quality information in a sufficient amount to support decision-making.

Lower decisional conflict scores following administration of a disease-specific PtDA have been reported in other populations of patients considering elective surgery, such as mastectomy \[[@CR55]\], and prostatectomy \[[@CR56]\]. In accordance with the previous PtDA research, we found ICD candidates who received the PtDA intervention experienced less decisional conflict. Prior to the initial specialist consult, the usual care group's total DCS scores were extremely high, well over 37.5, the value suggested to be likely to increase the risk of decisional delay and feelings of uncertainty \[[@CR40]\]. The PtDA intervention group total DCS score was lower post-PtDA exposure, yet these patients still experienced some degree of decisional conflict. The total DCS score was close to the 25 cut-off mark, which is associated with higher likelihood for making the decision \[[@CR40]\]. Arguably, some decisional conflict is expected when making life-prolonging healthcare decisions involving surgery such as implantation of an ICD, regardless of whether patients receive additional decision support. Compared to usual care, the PtDA intervention group reported less decisional conflict in four of the five DCS subscales (informed, values clarity, uncertainty, and effect decision) with the exception of support. We postulate the PtDA intervention encouraged patients to consider their support (i.e., support to make a choice, choosing without pressure, and enough advice), but ultimately, did not alter whether or not the support in fact exists, and thus, their perception of support did not differ.

The strong association between value items and ICD implantation is encouraging and warrants inclusion of a values clarification exercise in a future definitive trial. Concordance of the six value items in the PtDA group revealed the item with the strongest contribution was "How important is it to you to lower your chances of a sudden cardiac death?". This is not surprising in our quest to assess patient's values, avoiding death prevailed in our sample. Clarification of patient values and preferences remains a challenge to elicit \[[@CR57]\]. This can also be seen where our value item which addressed preference for a "natural death" did not reveal an association. Furthermore, values clarification was limited to the intervention group and does not allow for comparison with usual care. In practice, these value items are generally not addressed at the time of specialist consult.

The third study aim was to examine the post-implantation decisional conflict. In general, post-implantation decisional conflict dissipated, with both groups reporting lower DCS scores. The PtDA intervention group continued to report lower DCS scores relative to usual care. Although the differences post-implantation were not nearly as large, they could be clinically meaningful and revealed in a definitive effectiveness trial. The total mean DCS score for the usual care group remained greater than 25 post-consultations, suggesting a decision is unlikely. In contrast, the mean total DCS score in the PtDA intervention group remained lower than 25 post-implantation, suggesting maintenance of a difference in the PtDA intervention minimizing decisional conflict. Both groups demonstrated improvements in DCS following conversations with a specialist and arrhythmia team when we contacted patients post-consult. A larger sample and trial would allow for definitive answers.

Limitations {#Sec29}
-----------

There are several limitations to consider for this study. First, the population from which we drew our sample was limited to patients attending a specialized center. Hence, our results are not generalizable to general hospital settings which care for cardiovascular patients who could benefit from access to decision support prior to referral to specialized electrophysiology care.

Second, we do not know the outcome of the patients who at 3 months deferred their decision to go forward with an ICD. The reasons for deferral can vary where patients may have additional health conditions which are pressing, or patient preferences for timing to undergo a surgical procedure. Given the lower SF-36 PCS scores and presence of co-morbidities in our sample, this patient population is burdened with other health conditions. Our previous decision-making research in this population found that when patients deferred, often a new health event (related or not related) triggered the decision to receive the ICD \[[@CR20]\].

Finally, the timing of PtDA delivery to ICD candidates in this feasibility trial was based in part on our previous findings where new ICD candidates suggested they had not engaged in the decision-making process prior to or during specialist consultation \[[@CR19]\]. Moving forward, the inclusion of a sub-analysis in a future trial that assesses the timing effect of PtDA delivery could advance this line of inquiry and perhaps offer broader applicability to ICD centers where care pathways differ for patients entering the system.

Conclusion {#Sec30}
==========

Application of a PtDA in eligible ICD candidates was feasible, and preliminary estimates found improved patient knowledge and lower decisional conflict. These findings have important implications for clinical practice and future research. Conducting a full-scale definitive RCT is an important next step to confirm our preliminary estimates in a larger sample of ICD candidates. Our results suggest that a PtDA contributed to quality decision-making with improved knowledge compared to usual care and chosen options that were congruent with patient values in the context of ICD implantation. PtDAs and decision coaching are effective interventions to engage patients sharing difficult decision-making together with their interprofessional teams. Determining successful approaches to mobilize these interventions into arrhythmia care could lead to improved patient reported outcomes.
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ACE

:   Angiotensin-converting enzyme

CABG

:   Coronary artery bypass graft

CAD

:   Coronary artery disease

CES-D

:   Center for Epidemiological Studies Depression Scale

CHF

:   Congestive heart failure

CIHR

:   Canadian Institutes of Health Research

COPD

:   Chronic obstructive pulmonary disease

CRT

:   Cardiac resynchronization therapy

DCS

:   Decisional Conflict Scale

HRQOL

:   Health-related quality of life

IASP

:   International Patient Decision Aid Standard

ICD

:   Implantable cardio-defibrillators

MCS

:   Mental component summary

MI

:   Myocardial infarction

NYHA

:   New York Heart Association

PCS

:   Physical component summary

PDMS

:   Preparation for Decision-Making Scale

PtDA

:   Patient decision aid

RA

:   Research assistant

RCT

:   Randomized controlled trial

SCD

:   Sudden cardiac death

SF36v2

:   Medical Outcomes Trust Short Form

SURE

:   Sure of myself, Understand information, Risk benefit ration, Encouragement

TIA

:   Transient ischemic attack
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